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FORFWORD 


This  study  constitutes  a  portion  of  the  Mobility  Environ¬ 
mental  Research  Study  ( ME  R  S  ),  sponsored  by  the  Office  ,  Secretary 
of  Defense,  Advanced  Research  Projects  Agency  (ARP A  ),  Directo¬ 
rate  of  Remote  Area  Conflict,  for  which  the  U.  S  .Army  Engineer 
Waterways  Experiment  Station  (WES)  is  the  prime  contractor  and 
the  U.S.  Army  Material  Commam.  (AMC)  is  the  service  agent. 

The  broad  mission  of  Project  MFRS  is  to  determine  the  effects 
of  the  various  features  of  the  physical  environment  on  the  performance 
of  cross  -  country  ground  contact  vehicles  and  to  provide  there¬ 
from  data  which  can  be  used  to  improve  both  the  design  and  em¬ 
ployment  of  such  vehicles  .  A  condition  of  the  project  is  that  the 
data  be  interpretable  in  terms  of  vehicle  requirements  for  South¬ 
east  Asia.  The  funds  employed  for  this  study  were  allocated  to 
WES  through  AMC  under  ARPA  Order  No.  400. 

The  work  for  this  study  was  performed  under  an  agree¬ 
ment  between  the  Soil  Survey  Division,  Land  Development  De¬ 
partment  of  the  Royal  Thai  Government,  and  the  WES  Thailand 
Detachment.  This  report  was  prepared  by  Dr.  Frank  R. 

Moormann,  FAO  Soil  Specialist,  with  the  assistance  of  Messrs. 

Lex  Moncharoen  and  F.J.Dent.  Overall  technical  responsibility 
for  coordinating  all  MF.RS  pedological  soil  classification  studies, 
including  the  specific  study  described  herein,  was  assigned  to 
Mr.  A.C.Orvedal,  Chief,  World  Soil  Geography  Unit,  U.S.  De¬ 
partment  of  Agriculture. 
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SUMMARY 


The  study  reported  herein  presents  a  summary  of  the 
methods  and  techniques  used  in  the  survey  and  correlates  the 
various  soil  series  with  great  soil  groups  and  subgroups  and 
physiographic  position.  The  corresponding  taxa  of  the  new  USDA 
soil  classification  system  (1)*  were  also  indicated.  A  summary  is 
given  of  the  geomorphologic  r-elationships  between  the  various  soil 
series  . 

For  each  of  the  selected  study  areas,  detailed  descrip¬ 
tive  reports  accompanied  by  soil  maps  on  a  scale  of  1:50,000 
were  prepared  and  included  as  appendices  A  through  F  to  this 
report.  Each  appendix  includes  a  general  description  of  natural 
conditions  in  the  study  area  as  related  to  soil  conditions,  as  well 
as  a  detailed  description  of  the  mapping  units . 


*  Numerals  in  parentheses  refer  to  similarly  numbered  items  in 
the  Literature  Cited  at  the  end  of  this  report. 
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INTRODUCTION 


Background 

Pedological  soil  classification  and  mapping  are  the  most 
widely  accepted  means  of  portraying  soil  conditions  throughout  the 
world.  Since  this  information  is  useful  in  interpreting  trafficabilily 
conditions  in  remote  areas,  a  logical  approach  to  the  Mobility 
Environmental  Research  Study  (MERS)  in  Thailand  was  to 
exploit  available  pedological  soil  information.  Much  information  of 
a  general  nature  was  available  from  which  general  pedological  soil 
maps  could  be  made.  Furthermore,  provisional  mapping  units 
suitable  for  semidetailed  surveys  were  already  established  for 
northeastern  Thailand  and  other  smaller  areas.  Thus,  when  a 
requirement  was  established  to  map  the  areal  distribution  of  the 
significant  terrain  factors  of  selected  areas  in  Thailand,  studies 
were  initiated  to  classify  and  map  the  soils  of  these  anas  in  terms 
of  the  great  soil  groups  and  soil  series.  The  study  reported 
herein  pertains  to  the  classification  and  mapping  of  soils  in  terms 
of  the  soil  series  or  their  subdivisions  in  terms  of  phases. 

Purpose  and  scope 

The  objectives  of  this  study  were  to  conduct  a  semi¬ 
detailed  pedological  soil  survey  of  six  primary  study  areas 
(Nakhon  Sawanv  Lop  Buri,  Chiang  Mai,  Fran  Buri,  Khon  Kaen, 
and  Chanthaburi)  in  Thailand  and  to  present  by  maps  (scale 
1:50,000)  and  an  accompanying  text  the  soil  characteristics  of  these 
s*x  areas.  Insofar  as  possible  the  soils  were  classified  as  series, 
or  phases  of  series,  in  accordance  with  the  current  system  for 
mapping  soils  in  the  United  States. 

The  information  for  this  study  was  obtained  by  systema¬ 
tic  study  of  soils  in  the  field  combined  with  air^photo  interpretation. 
Limited  use  was  also  made  of  existing  information.  Available  in¬ 
formation  was  studied,  revised  where  necessary,  and  translated 
into  a  common  terminology  rec>gni»ad  in  current  international 
literature.  Six  areas  were  surveyed  (see  fig,  1)  .  The  soil 
survey  reports,  including  maps,  are  presented  in  six  appendices 
(A  through  F )  .  The  appropriate  appendix  identification  and 
approximate  area  of  each  study  area  are  given  in  the  following 
table . 


A  rea 

Approximate 

Area 

No. 

Appendix 

Name 

Sq  km 

Sq  r 

1 

A 

Nakhon  Sawan 

2,965 

1,  145 

2 

B 

Lop  Buri 

3,802 

1,468 

3 

C 

Chiang  Mai 

3,706 

1,431 

4 

D 

P  ran  Buri 

570 

220 

5 

F 

Khon  Kaen 

3,131 

1,209 

6 

F 

Chanthaburi 

2,870 

1  ,  108 

SOURCES  OF  INFORMATION 
Thailand 

The  main  source  of  information  on  soil  classification 
and  distribution  prior  to  this  study  was  the  published  reports 
(2,3)  and  unpublished  field  notes,  reports,  and  laboratory  data 
of  Pendleton.  However,  most  of  this  information,  more  than  25 
years  old,  is  not  in  modern  soil  classification  terminology  and  the 
available  laboratory  data  are  not  usable  without  much  precaution 
and  interpretation.  The  soil  unite  established  by  Pendleton  for 
his  provisional  mpp  of  the  soils  and  surface  rocks  of  the  Kingdom 
of  Siam  are  identified  as  Bangkok  clay,  Korat  sandy  loam,  etc. 
Rather  than  being  soil  series  as  *he  names  suggest,  these  units  f 
are  more  nearly  on  the  level  of  the  great  soil  groups  or  associa¬ 
tions  thereof  and  are  strongly  biased  by  actual  and/or  potential 
land  use.  Consequently,  only  little  of  this  information  was  useful 
to  the  study  described  herein. 

Since  1961  modern  soil  surveys  patterned  after  the 
U.S.  Department  of  Agriculture  (USDA)  systems  (1,10)  have 
been  conducted  in  Thailand  by  the  Thai  Land  Development 
Departmsnt  (LDD),  However,  these  surveys  cover  relatively 
small  areas  •cattered  throughout  the  country  and  differ  considerably 
in  detail  and  precision.  Reconnaissance  surveys  are  made  when 
a  quick  appraisal  of  a  potential  development  Jtrea  is  needed; 
these  surveys  are  on  the  great  soil  group  level  at  a  scale  of 
1:250,000.  Detailed  reconnaissance  surveys  are  made  on  a 
systematic  basis  (the  plan  is  to  survey  the  entire  country)  ,and 
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work  on  these  surveys  is  at  present  concentrated  in  northeastern 
Thailand;  these  surveys  are  on  the  series  level  at  a  scale  of 
1:100,000.  Semidetailed  and  detailed  surveys  are  made  for 
specific  development  areas,  irrigation  project  areas,  agricultural 
experimental  stations,  etc.  ,  as  the  need  arises;  these  surveys 
are  on  the  soil  series  and  soil  phases  level  at  a  scale  of  1:50,000 
(subdivisions  of  soil  series  are  commonly  used  for  very  detailed 
work )  . 

LD  D  soil  survey  information  utilized  for  this  study 
includes  a  detailed  reconnaissance  survey  of  part  of  the  Chiang 
Mai  study  area  (4)  ,  a  semidetailed  survey  of  the  northwestern 
corner  of  the  Lop  Buri  study  area  (5),  detailed  surveys  of 
agricultural  experimental  stations  near  Changwat  Khon  Kaen 
(Khon  Kaen )  *  (6,7),  an  unpublished  reconnaissance  survey  map 
of  the  province  of  Khon  Kaen,  and  the  great  soil  group  survey 
of  the  study  areas,**  No  soil  survey  information  was  available 
for  the  Nakhon  Sawan,  P  ran  Buri,  and  Chanthaburi  study  areas. 

Other  Southeast  Asian  countries 

Most  of  the  soil  survey  information  on  other  countries 
of  Southeast  Asia  is  not  up  to  the  standards  of  the  current  work 
in  Thailand.  The  status  of  soil  information  on  other  Southeast 
Asia  countries  is  briefly  described  below. 

Malayan  Federation  (Malaysia).  In  this  country 
important  areas  have  been  surveyed  at  the  soil  series  level. 

Some  of  these  surveys  were  made  in  the  older  settled  areas 
(e.g.  the  northwestern  coastal  plain  in  Perak  state), but  the  most 
recently  surveyed  areas  are  in  the  forested  interior  of  the 
peninsula.  A  general  soil  map  of  Malaya  was  published  in  1962 
(8)  in  terms  of  associations  of  great  soil  groups. 


*  Populated  places  are  spelled  in  this  manner  the  first  time  they 
appear , followed  by  an  abbreviated  form  in  parentheses. 
Thereafter ,  only  the  abbreviated  form  is  used  in  the  text. 

**  The  reports  on  this  study  were  also  published  in  the  series 
of  Soil  Survey  Reports  of  the  Land  Development  Department 
under  Nos.  28,  31,35,  38,  41,  43,  44,  and  48. 
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South  Viet  Nam,  A  general  soil  map  (scale  of 
1:1,000,000)  of  South  Viet  Nam  which  uses  associations  of  great 
soil  groups  as  the  basic  units  (9)  and  good-quality  soil  series 
surveys  exist  for  several  small  areas  of  the  country.* 

Burma .  A  general  "genetic"  soil  map  of  Burma  has 
been  prepared  by  a  Russian  Aid  Mission.  Although  the  classifica¬ 
tion  and  terminology  of  this  map  are  not  the  same  as  are  being 
currently  used  in  other  countries  of  Southeast  Asia,  the  map 
appears  to  be  fairly  accurate  in  regard  to  the  delineation  of  the 
various  soil  units  . 

Cambodia .  A  rough  reconnaissance  soil  map  of 
Cambodia  was  prepared  by  a  soil  scientist  from  USDA-A  ID; 
however,  very  little  soil  classification  information  of  a  more 
detailed  nature  is  available  for  this  country. 

Laos .  Modern  soil  classification  information  on  Laos 
is  practically  nonexistent. 

METHOD  S  AND  TECHNIQUES 

Units  of  soil  classification  and  mapping 

Most  units  on  the  soil  maps  for  the  six  study  areas 
have  been  designated  ac  soil  series  or  soil  phase,  but  some  map 
units  have  been  designated  as  unnamed  soils,  soil  complexes,  or 
soil  series  associations.  Miscellaneous  rock  types  were  also 
delineated . 

Soil  series.  In  the  survey  reported  herein,  the  basic 
unit  of  soil  classification  is  the  soil  series.  The  soil  series  is 
defined  (1)  as  "a  collection  of  soil  individuals  .  .  .  that,  within 

defined  depth  limits,  are  uniform  in  all  soil  properties  diagnostic 
for  the  series."  A  series  is  usually  named  after  the  province  or 
district  in  which  it  was  originally  identified,  but  village  names  and 
names  of  hills  or  of  streams  are  sometimes  used.  Abbreviations 
of  these  names  are  used  on  the  soil  maps  and  are  mnemotech'.iic, 
i.e.  Kt  stands  for  Korat  series,  Cm  for  Chiang  Mai,  etc. 

Soil  survey  in  Thailand  is  of  a  rather  recent  date, and 
consequently  knowledge  of  diagnostic  soil  characteristics  is  as  yet 
frequently  insufficient  for  defining  soil  series  as  precisely  as  in 
the  United  States.  Furthermore,  the  detail  to  which  mapping  is 


*  Partly  published  by  the  Ministry  of  Rural  Affairs ,  South  Viet 
Nam  . 
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carried  out  in  moat  surveys  in  Thailand  is  considerably  less  than 
in  soil  surveys  classed  as  detailed  in  the  United  States.  In  the 
future  when  detailed  revisions  of  present  surveys  are  made, 
certain  series  presented  in  this  report  undoubtedly  will  have  to 
be  separated  into  two  or  even  three  series. 

Soil  phase.  The  soil  phase,  in  this  study,  is  a 
segment  of  the  soil  series  which  differs  in  one  or  sometimes  two 
characteristics  from .  the  modal  or  control  concept  of  the  series . 

The  basis  of  the  subdivision  may  be  any  characteristics  of  impoiv 
tance  for  actual  or  potential  human  use  of  the  soil.  The  types  of 
soil  phases  used  in  this  study  are  as  foLows  • 

a.  Topography  phase.  Usually  a  high  or  low 
topographic  position  relative  to  the  position  considered  to  be  modal 
for  the  series  . 

b.  glope  phase.  On.v  used  occasionally  in  this 
study  for  soils  on  colluvial  footslopea . 

c>  Texture  phase.  Soils  that  are  either  more  sandy 
or  more  clayey  in  one  or  all  horizons  than  the  modal  for  the 
series  . 

d.  Color  phase.  Only  used  for  soils  with  a  sub¬ 
soil  that  is  redder  than  the  color  considered  modal  for  the  series. 

e.  Drainage  phase.  Soils  whose  drainage  is  some¬ 
what  better  or  poorer  than  the  drainage  considered  modal  for  the 
serius  . 

f.  Depth  phase.  Soils  which  contain  stones,  gravel, 
and/or  laterite  at  some  depth  but  otherwise  have  characteristics 
considered  modal  for  the  series. 

g.  Soil  reaction  phase.  Soils  that  have  a  pH 
value  in  the  subsoil  that  is  either  considerably  above  or  below 
the  pH  value  considered  modal  for  the  series. 

h.  Soil  salinity  phase.  Soils  that  differ  from  the 
modal  part  of  a  series  by  being  saline  or  having  saline  spots  in 
the  dry  season  which  disappear  in  the  wet  season. 

i.  Soil  humus  phase.  Soils  with  a  darker,  more 
humiferous  surface  soil  (Al  or  Ap  horizon)  than  considered  modal 
for  the  series.  (Several  soil  phase«described  in  this  study  ere 
actually  "variants"  according  to  the  USDA  classification.) 
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Unnamed  soils.  In  most  study  areas  a  few  soils, 
unlike  any  of  the  soil  series,  were  left  as  unnamed  units.  The 
occurrences  of  these  unnamed  soils  are  too  limited  at  this  time 
to  accord  them  a  separate  series  name  and  definition.  These 
unnamed  soils  are  indicated  on  the  soil  maps  by  the  letter  U  and 
a  numeral. 

Soil  series  associations.  Associations  are  groupings 
of  two  soil  series  and  are  indicated  on  the  maps  by  a  symbol,  e.g. 
Ty/Ly  (Ty  =  Tha  Yang,  Ly  =  Lat  Ya).  Associations  were 
used  in  areas  where  the  detail  of  survey  did  not  permit  the 
cartographic  separation  of  the  two  series. 

Soil  complex.  A  soil  complex  as  used  in  this  study 
consists  of  two  or  more  recognized  physiographic  or  taxonomic 
units  which  cannot  be  individually  separated  in  a  detailed  soil 
survey.  Complexes  identified  in  this  study  are  :  (a)  physiographic- 

slope  complex  (Sc)  and  alluvial  complex  (Ac)  ,  (b)  taxonomic- 

unnamed  complex  (Uc)  and  Kamphaeng  Saen  (Ks-c)  complex. 
Subdivisions  of  the  slope  comples  are  made  according  to  the 
dominant  parent  rock. 

Special  characteristics.  A  few  mapping  units  are 
indicated  by  a  special  letter  or  symbol.  Examples  of  these  units 
are  saline  spots  which  are  delineated  by  an  "x"  symbol  and  rock 
outcrops  which  are  shown  by  an  "F"  symbol. 

Air  photos  and  maps. 

Air  photos.  All  mapping  work  was  first  performed 

from  air  photos.  For  most  of  the  study  areas  Army  Map 

Service  (AMS)  air  photos  prepared  by  World  Surveys  in 
1953-54  were  used.  AMS  photos  for  all  but  the  Chiang  M^.i 
study  area  are  at  a  scale  of  approximately  1:40,000.  The  scale 
of  photos  in  the  Chiang  Mai  study  area  is  approximately  1:55,000. 
Limited  parts  of  several  study  areas  are  covered  by  air  photos  at 
a  scale  of  1:20,000.  During  the  conduct  of  tfiis  study  new  air 
photos  at  a  scale  1:5,000  and  1:15,000  were  acquired  by  contract 
under  the  MERS  program.  However,  these  photos  covered  only 
parts  of  some  study  areas  and  most  of  the  photos  became  available 
after  the  field  work  had  been  completed  .  These  new  photos  were 

used  for  the  Lop  Buri  study  area  and  for  the  northern  part  of 

the  Pran  Buri  area.  The  1  : 5 , 000-scale  air  photos  of  Nakhon 
Sawan  were  used  only  for  checking  certain  soil  units  after  the 
field  work  had  been  completed. 
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The  new  ME  R  S  air  photos  provided  excellent  details 
for  interpreting  soil  conditions,  but  the  AMS  photos  nad  to  be 
used  with  great  caution.  Changed  land  use  and  new  roads  and 
waterways  made  correct  field  localization  and  pedological  inter¬ 
pretation  very  difficult.  This  condition  was  particularly  true  in 
the  Chanthaburi  study  area  inland  from  National  Highway  No.  6 
where  such  land  has  been  reclaimed  and  cultivated. 

Maps .  Base  maps  used  for  this  survey  were  series 
L,  708  AMS  topographic  maps  at  a  scale  of  1:50,000.  These 
maps  were  compiled  mainly  from  the  1953-1954  AMS  photos; 
hence  these  maps  have  the  same  weaknesses  in  regard  to  land 
use  and  recent  topographic  features  as  the  AMS  photos. 


Field  studies 

Field  studies  were  made  in  all  six  areas.  Field 
observations  consisted  of  examination  of  soils  by  borings  or  in 
pits,  roadcuts ,  and  quarries.  An  average  of  about  13  observa¬ 
tions  per  square  kilometer  was  made,  but  the  density  of  observa¬ 
tions  varied  considerably  in  relation  to  the  terrain.  Observation 
density  in  large  homogeneous  areas,  e.g.  the  alluvial  areas  of 
the  Central  Plain,  dropped  well  below  the  average.  Part  of  the 
Lop  Buri  study  area  was  inundated  during  the  period  of  the 
survey  and  was  mapped  by  air-photo  interpretation  only.  Most 
of  the  Pran  Buri  study  area  was  surveyed  in  much  greater 
detail  than  the  other  areas.  The  density  of  observations  and 
the  detail  of  mapping  was  mdinly  determined  by  the  time  allotted 
for  the  survey.  The  resulting  soil  maps  are  detailed  recon¬ 
naissance  maps^in  the  terminology  of  LDD,  but  most  of  the  soil 
map  of  the  Pran  Buri  study  area  is  considered  to  be  a  semi- 
detail  td  soil  map . 

Borings  were  made  by  an  auger  to  a  maximum  depth 
of  125  cm  or  to  the  depth  needed  to  determine  the  soil  series  or 
phase.  Some  of  the  borings  were  numbered  and  an  abbreviated 
description  was  made  in  a  field  notebook  for  further  reference. 
In  each  of  the  study  arjas  a  number  of  detailed  soil  descriptions 
were  made.  Most  of  these  descriptions  were  made  at  MERS 
soil-moisture  test  sites,  but  descriptions  were  also  made  of  some 
soils  in  other  areas.  Detailed  profile  descriptions  are  included 
with  the  discussion  of  the  various  soil  series  or  phases  in  the 
appendices  to  this  report. 
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Other  information  gathered  during  the  field  survey 
pertains  to  vegetation,  land  use  (cropping  pattern,  yield,  etc.  I  , 
geomorphology  and  surface  geology,  hydrography  and  groundwater. 
To  a  large  extent  the  survey  reported  herein  was  based  on  air¬ 
photo  interpretation. 

Mapping  procedures 

The  first  step  in  the  mapping  process  was  to  delineate 
the  obvious  soil  and  geomorphologic  characteristics  on  the  availa¬ 
ble  air  photos  using  air-photo  interpretation  techniques.  Alluvial 
soils  (alluvial  plains)  and  complex  soils  of  the  hills  (hills  and 
mountains)  were  delineated  in  this  manner.  Also  indicated 
were  rice  lands,  which  are  easily  visible  on  air—  photos  and 
which  in  most  cases  belong  to  a  different  mapping  unit — that  for 
soils  not  used  for  growing  rice.  Numerous  termite  mounds 
usually  indicate  a  terrain  of  some  age  and  hence  are  helpful  of 
separating  the  young,  undeveloped  soils  of  the  alluvial  plains  from 
the  older  soils  on  terraces.  Field  checks  were  made  to  determine 
the  correct  soil  conditions  of  most  of  the  units  distinguished  by  air¬ 
photo  interpretation.  Considerably  more  field  work  was  required 
to  map  those  soil  series  that  have  similar  appearances  on  air- 
photos.  For  example,  separating  the  Ubon  and  Roi  Et  soils  in 
the  Khon  Kaen  study  area  required  additional  field  work. 

Soil  boundaries,  first  delineated  on  the  air  photos,  were 
transferred  to  AMS  Series  L  708  1 : 50 , 000-scale  topographic 
maps.  In  the  process  of  transfer  soil  boundaries  were  generaliz¬ 
ed ,  minor  areas  were  excluded,  and  some  tentative  mapping  units 
'•vere  eliminated  or  combined  with  other  mapping  units. 

Diagnostic  soil  characteristics 

The  soil  characteristics  used  for  the  description  and 
classification  of  the  soils  in  this  survey  are  mostly  those  set 
forth  in  theUSDA  Soil  Survey  Manual  (10)  and  in  "Soil 
Classification,  A  Comprehensive  System,  7th  Approximation" 

(1).  A  brief  summary  of  those  soil  characteristics  considered 
to  be  diagnostic  for  the  purposes  of  soil  classification  and  the 
differences  with  current  USDA  usage  are  discussed  in  the 
following  paragraphs  , 

a.  Soil  horizons.  Genetic  horizon  designations 
like  A ,  B ,  and  C  were  used  in  the  descriptions  of  the  mapping 
units.  For  general  descriptive  purposes  use  was  also  made  of 
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the  terms  "surface  soil"  and  "subsoil".  Surface  soil  includes 
the  A  horizon  (s)  up  to  a  maximum  depth  of  approximately  30 
cm,  and  subsoil  encompasses  the  B  and  C  horizons  from  approxi¬ 
mately  30  cm  downward.  Of  special  and  diagnostic  importance 
for  soil  surveys  in  Thailand  (and  other  tropical  countries)  is  the 
presence  of  laterite  which,  while  recognized  as  a  separate  soil 
horizon  in  the  USDA  literature,  is  not  always  treated  as  a 
diagnostic  characteristic.  Layers  with  a  dominance  of  laterite 
(plinthite)  were  treated  in  this  study  as  a  diagnostic  subsurface 
horizon  . 

b.  Soil  color.  Determination  of  colors  was  made 
according  to  the  Munsell  soil  color  charts.  In  some  descriptions 
terms  such  as  brownish  or  reddish  ware  used  to  give  a  larger 
variety  of  colors  than  given  in  the  Munsell  soil  color  charts. 

c>  Soil  texture.  Textural  classes  used  are  in 
accordance  with  the  USDA  Soil  Survey  Manual  ( 10  )  .  As 
only  a  few  laboratory  checks  on  field  determinations  of  texture 
were  available,  most  of  the  textural  classes  indicated  in  the 
descriptions  of  the  mapping  units  are  approximations;  a  soil 
series  indicated  as  having  sandy  loam  texture  may  well  have  a 
loam  or  silt  loam  texture.  For  this  reason  frequent  use  was 
made  of  general  groupings  of  soil  texture  classes,  i.e.  sandy, 
loamy,  and  clayey.  Little  attention  was  given  to  differences  in 
size  distribution  of  the  sand  fraction  though  it  is  known  that  the 
sand  fractions  in  the  coastal  areas  ( Chanthaburi,  P  ran  Buri)are 
commonly  considerably  coarser  than  in  the  interior  (e.g.  Khon 
Kaen)  .  Coarse  fragments  were  indicated  by  the  terms  gravelly 
or  stony  according  to  size  with  little  emphasis  on  the  mineralogy 
of  the  coarse  fragment.  However,  the  presence  of  hardened 
laterite  concretions  was  usually  indicated  separately. 

d.  Soil  structure.  Soil  structure,  although  an 
important  soil  characteristic,  is  not  usually  treated  as  a  diagnostic 
characteristic  in  this  study  since  it  is  difficult  to  determine  by 
auger  boring.  The  granular  surface  structure  of  Grumusols 
(e.g.  Lop  Buri  series),  however,  is  easily  observable  and  is 
thus  used  as  a  diagnostic  characteristic  for  the  series  belonging 
to  this  great  soil  group. 
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e.  Soil  reaction.  Soil  reaction  is  an  important 
diagnostic  characteristic  for  soils  in  Thailand;  hence  the  pH  is 
usually  measured  in  the  surface  soil  and  the  subsoil  by  the  Truog 
Hellige  indicator.  The  terms  used  for  ranges  in  pH  are  those 
of  the  USD  A ,  even  though  they  are  not  entirely  satisfactory  from 
a  practical  soil  management  point  of  view  in  Thailand.  Relatively 
few  soils  in  Thailand  are  neutral  or  alkaline;  the  presence  of  free 
lime  is  howtver  used  commonly  as  a  diagnostic  soil  characteristic. 

f.  D  rainage .  Soil  drainage,  as  indicated  by  the 
presence  or  absence  of  a  gleyed  horizon,  is  extremely  important 
at  the  soil  series  and  soil  phase  level  of  classification.  Although 
drainage  classes  used  in  this  study  are  commonly  the  same  as 
those  described  in  the  USDA  Soil  Survey  Manual,  a  certain 
grouping  was  often  applied  in  the  classification  of  soil  in  Thailand. 
Groupings  of  soils  which  are  f^ee  of  mottling  in  the  profile  or 
which  have  mottling  beginning  in  the  subsoil  comp  rose  the  classes 
of  moderately  well,  well,  somewhat  excessively,  and  excessively 
drained  soils;  soils  with  mottling  starting  immediately  below  the 
surface  layer  are  imperfectly  or  somewhat  poorly  drained  soils; 
and  soils  with  mottling  starting  in  the  surface  layers  with  reduced 
layers  at  some  depth  in  the  profile  are  poorly  and  very  poorly 
-drained  soils.  Altered  drainage  conditions  are  common  under 
rice  cultivation  where  water  is  impounded  on  the  land  during  the 
wet  season  .  Such  soils,  if  already  not  mottled,  become  mottled 
in  the  surface  layers  (inverted  gley)  ,  but  the  colors  of  the  sub¬ 
soil  related  to  the  natural  drainage  conditions  prior  to  rice  pro¬ 
duction  tend  to  persist. 

It  should  be  noted  that  the  strong  seasonal  rainfall 
imposes  an  extreme  influence  on  soil  moisture  conditions  in 
Thailand.  Thus,  soils  with  the  morphologic  characteristics  of 
poor  drainage  (gleying  and  mottling  throughout  the  profile)  which 
are  frequently  inundated  under  rice  cultivation  for  several 
months  may  dry  to  a  considerable  depth  in  the  dry  season. 

Such  soils,  seasonal  wet  soils,  are  commonly  too  dry  for  any 
crop  production  for  periods  of  from  four  to  six  months  unless 
irrigated . 

Mottling  in  certain  soils  of  highest  rainfall  areas,  e.g. 
near  Chanthaburi,  is  not  necessarily  always  a  sign  of  retarded 
drainage.  Strong  mottling  is  prominent  in  weathering  parent 
rocks  ,  especially  shales,  under  high  rainfall  conditions.  Such  a 
mottled  material  is  referred  to  as  "mottled  clay". 
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g.  Organic  matter.  Organic  matter  content  of 
most  soils  in  Thailand  is  low,  but  soils  with  considerable  organic 
matter,  as  expressed  b>  dark  colors  in  the  surface  layers,  do 
occur.  Most  soils  high  in  organic  matter  are  distinguished  from 
other  soils  at  the  soil  series  level,  but  a  few  soils  are  treated 
as  phases. 

h.  Soil  salinity.  Only  such  salinity  which  prevents 
the  use  of  the  soils  for  normal  cultivation  is  used  as  a  diagnos¬ 
tic  characteristic.  In  northeastern  Thailand  low-lying  soils  may 
be  strongly  saline  during  the  dry  season  whereas  the  salinity  may 
be  negligible  in  the  wet  season  when  the  soils  are  inundated  for 
rice  growing.  Where  possible,  soils  with  a  variable  salt  content 
are  indicated  by  a  separate  phase. 

i.  Other  diagnostic  soil  characteristics.  The  pre¬ 
sence  of  catclay  (11)  is  used  as  a  characterise  for  classification 
in  the  areas  of  acid  sulfate  soils  (Lop  Bun,  Chanthaburi,  Pran 
Buri  study  areas).  The  presence  or  absence  of  mica  in  the 
soils  of  the  river  levees  is  a  series -determining  characteristic. 
Slickensides,  deep  cracking  ,  and  gilgai  relief  are  diagnostic 

for  series  belonging  to  the  Grumusol  great  soil  group. 


SOIL  CORRELATION 

In  Thailand  correlation  of  soil  at  the  series  level  as 
well  as  the  placement  of  series  into  classes  of  higher  categories 
(soil  family,  great  soil  group,  order)  is  not  very  far  advanced. 
First,  knowledge  of  the  soils  in  the  field  is  of  recent  date  and, 
as  yet,  far  from  complete.  Second,  specific  analytical  data 
necessary  for  comparing  soils  of  different  areas  and  for  grouping 
soils  into  families,  great  soil  groups,  etc.,  are  mostly  incom¬ 
plete  or  even  not  available.  Nevertheless,  because  of  the  im¬ 
portance  of  soil  correlation,  it  has  been  carried  out  ad  the  work 
progressed.  Hence,  with  very  few  exceptions,  like  soils  are 
called  by  the  same  series  names  in  all  study  areas . 
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The  classification  of  soil  series  into  great  soil  groups 
is  given  in  table  1.  Certain  relationships  amoung  soil  series  of 
various  regions  are  easily  understood.  P or  instance, the  San 
pa  Tong  Series  (Sp)  of  northern  Thailand,  the  Korat  series 
(Kt)  of  northeastern  Thailand,  and  the  6attahip  series  (Sh)of 
the  east  and  west  coast  of  the  Gulf  of  Thailand  are  clearly 
related.  These  series  are  all  Gray  Podzolic  soils  formed  on 
terrace  materials,  usually  medium  textured,  with  a  more  or  less 
free  drainage.  Other  relationships  among  soil  series  in  the 
various  areas  exist  but  are  much  more  difficult  to  define  because 
of  a  lack  of  precise  field  and  analytical  data.  Thus,  some  of 
the  correlations  set  forth  in  table  1  are  subject  to  change  as 
more  precise  daia  become  available. 

In  table  1,  the  series  are  classified  into  great  soil 
groups  aa  recognized  in  Thailand  (12)  and  in  S outheast  Asia 
(13).  Subdivisions  are  indicated  for  soma  of  the  great  soil 
groups  ;  these  subdivisions,  while  useful  in  Thailand,  are  not 
commonly  recognized  in  soil  series  literature.  The  classification 
of  soil  series  according  to  the  new  USDA  classification  (l)  also 
is  given  in  table  1  .  The  range  in  characteristics  of  a  few  soil 
series  is  such  that  part  of  a  series  may  belong  in  one  great 
soil  group  and  part  in  another;  this  condition  is  indicated  where 
known  in  remarks  column  of  table  1. 

PHYSIOGRAPHY  OF  THE  SOIL  SERIES 

Landform  by  itself  is  not  necessarily  a  basis  for 
differentiating  between  soil  series  and  other  soil  mapping  units. 

Yet,  most  mapping  units  have  a  narrow  range  in  landform 
because  differences  in  landform  are  commonly  co-variant  with 
differentiating  soil  characteristics,  e.g.  parent  material,  texture, 
drainage.  Because  of  this  relationship  and  also  because  landform 
is  an  important  factor  in  air  photo  interpretation,  much  attention 
has  been  given  in  this  study  to  landforms. 

Landforms  in  the  wet-dry  monsoon  climate  of  Thailand 
are  usually  rather  easy  to  distinguish.  Quite  commonly  tho 
transition  between  the  hilly  landscapes  and  the  aggradation  land¬ 
scapes  of  terraces  and  alluvial  plains  is  sharp  and  easily  visible 
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in  the  field.  Only  in  the  wet  extreme  southeast  and  south  of 
the  country  do  considerable  areas  of  low  rolling  foothills  occur, 
and  here  the  distinction  between  terraces  and  structural  hills  is 
more  difficult  to  observe.  Rock-cut  or  strath  terraces 
(peneplains)  in  the  various  areas  are  usually  also  an  easily 
recognizable  physiographic  element. 

Although  the  various  landforms  can  be  rather  easily 
distinguished,  the  correlation  of  geologic  ages  of  the  materials 
that  make  up  the  various  formations  often  proves  difficult.  Three 
terrace  levels  can  be  readily  distinguished  in  northeastern 
Thailand;  in  other  parts  of  Thailand,  however,  such  terrace 
levels  are  less  distinct.  Age  correlation,  especially  of  the 
higher  (older)  terrace  levels,  is  difficult,  particularly  if  one 
tries  to  correlate  marine  terraces  of  coastal  Thailand  with  river 
terraces  of  the  inland. 

It  should  be  emphasized  that  very  little  pertinent 
information  on  the  physiography  of  Thailand  was  at  hand,  and 
most  of  the  information  used  was  gathered  during  thie  study. 
Hence,  many  of  the  data  set  forth  in  this  study  are  tentative. 

A  summary  of  the  physiography  of  the  varipus  soil  series 
distinguished  in  this  study  is  given  in  table  2 . 


*> 
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